Introduction
A recent review (Jungwirth and Tobias, 2006) highlights that specific ion effects on aqueous interfaces are ubiquitous both in physical and chemical processes occurring in almost all branches of life and apparent non-life sciences. Kunz et al. (2004) have pointed out that although Hofmeister effects, also known as specific ion effects, are universal in biology (Thirumalai et al., 2012) , biochemistry (Berkowitz and Vacha, 2012) and chemical engineering, for over a hundred years, Hofmeister effects have not been encompassed by theories of solution or colloid chemistry. Similarly, Romsted (2007) has pointed out that the forces contributing to specific ion effects are difficult to identify, both experimentally and theoretically.
It has been known for the last nearly 4 decades that the structural features of counterions play a crucial and important role in the ionic micellar structural transition from spherical to threadlike to flexible entangled wormlike micelles (Magid, 1998; Abdel-Rahem, 2008; Rao et al., 1987; Lin et al., 1994) . Qualitative experimental observations on ionic micellar headgroup interaction with counterions (X) show that strong ionic micellar binding of counterions results in such micellar structural transition (Lu et al., 1998; Bijma and Engberts, 1997; Ali et al., 2009 ). Even the recent such studies lacked the quantification of X affinity to ionic micelles and consequently a quantitative correlation between X affinity to micelles and X-induced micellar growth could not be found in these studies (Ketner et al., 2007; Lin et al., 2009a,b; Sreejith et al., 2011) . The competitive binding affinities of X to ionic micelles have been studied because of their importance in the kinetic data analysis of ionic micellar-mediated semi-ionic bimolecular reactions (Bunton, 2006) , industrial processes (Qi and Zakin, 2002) and separation science (Trone et al., 2000) .
The quantification of counterion (X) binding efficiency with ionic micelles may be achieved in terms of the magnitudes of either the degree of counterion binding (b X ) or usual ion exchange constant (K Br X ) or R Br X with R Br X = K X /K Br where the values of cationic micellar binding constants K Br and K X have been derived from the physicochemical parameters obtained in the presence of spherical and non-spherical micelles, respectively (Khan, 2006) . However, the values of b X for X representing benzoate ions (Wang et al., 2010) as well as 2-, 3-and 4-CH 3 Bz À (where Bz À = C 6 H4CO 2 À ) of cationic micelles are nearly same (Vermathen et al., 2002) but their effects on cationic micellar growth are not the same (Rehage and Hoffmann, 1991) . The reported values of K Br X or R Br X for X = 3-and 4-CH 3 Bz À are nearly 3-fold larger than that for 2-CH 3 Bz À (Khan and Kun, 2001; . In view of these reports, the values of K Br X or R Br X seem to correlate better than those of b X with X-induced micellar structural growth for different moderately hydrophobic X. But, it is not easy to determine accurately K Br X because the magnitudes of K Br X are very much technique-dependent (Magid et al., 1997; Romsted, 1984) . A search of the literature reveals a very limited number of the reported values of ion exchange constants with X representing moderately hydrophobic counterions, obtained in the presence of cationic micelles (Magid et al., 1997; Gamboa et al., 1989; Bachofer and Simonis, 1996) . A new semi-empirical kinetic (SEK) method has been used to determine the values of K Br X or R Br X for X representing both moderately hydrophilic and hydrophobic counterions (Khan, 2006) . The effects of the inert counterionic salts on the rates of some ionic micellar-mediated reactions have been quantitatively explained in terms of pseudophase ion exchange (PIE) model (Romsted, 1984) . The chemical trapping method of Romsted has been used to determine the value of K X Cl as 2.6 for X = Br À (Romsted, 2007) which is similar to ones determined by various methods including the SEK method (Khan and Sinasamy, 2011) .
A search of the literature reveals that the values of K Br X or R Br X for X = 2-, 3-and 4-IBz À are unknown. In the continuation of our study Khan, 2010, 2011) on the use of the SEK method for the determination of K Br X or R Br X for various X, the present manuscript reports the results for X = 2-, 3-and 4-IBz 
Experimental

Materials
Chemicals such as cetyltrimethylammonium bromide (CTABr; purity P99% from Fluka), phenyl salicylate (PSaH; purity P98% from Fluka), piperidine (Pip; purity P99% from Merck), 2-, 3-and 4-IBzH with BzH representing C 6 H 4 CO 2 H (2-IBzH; purity P99% from Merck, 3-IBzH; purity 98% from Aldrich and 4-IBzH; purity P98% from Merck) and NaOH (purity P99% from Merck) were commercial products with highest available purity. The details of the preparation of the stock solutions of organic salts (MX = 2-, 3-and 4-IBzNa) and PSaH were the same as described earlier (Yusof and Khan, 2011) . Because of the extremely low water solubility of PSaH, the stock solutions (0.01 M) of PSaH were prepared in pure acetonitrile.
Kinetic measurements
The rate of reaction between piperidine (Pip) and ionized phenyl salicylate (PSa À ) was studied spectrophotometrically by monitoring the disappearance of PSa À as a function of reaction time (t) at a constant wavelength of 350 nm by using UV-visible spectrophotometer equipped with electronically controlled thermostatic cell compartment set at 35°C. The details of the kinetic procedure and product characterization study were the same as described elsewhere (Khan and Kun, 2001) . Nonlinear least-squares technique was used to calculate kinetic parameters k obs (pseudo first-order rate constant), d ap (apparent molar absorptivity of the reaction mixture) and A 1 (absorbance at t = 1) from Eq. (1) (Khan and Kun 2001) .
where A ob is the absorbance at any reaction time (t) and [R 0 ] is the initial concentration of PSaH. Almost all the kinetic runs were carried out for the reaction period equivalent to $9 half lives of the reaction.
Rheometric measurements
The rheological study was carried out using a Brookfield R/ S+ rheometer with double gap coaxial cylinder (CC-DG) and an external temperature controller fixed at 35°C. The concentrations of all additives except CTABr of a rheological sample were same as maintained in the kinetic measurements. The concentration of CTABr was kept constant at 0.015 M. The sample was thermally equilibrated at 35°C for at least 15 minutes. The shear rate (_ c) range was fixed at 0.5-15 s À1 and 1-1000 s À1 for respectively the total time of 2400 s and 8000 s, for the rheological measurements. The total number of data points was 30 for the first set and 100 for the second set. The semi-empirical kinetic (SEK) method for the determination of K Br X or R Br X requires the use of a reaction kinetic probe which involves the kinetic study on the effects of the concentrations of the inert salts of counterions (such as [MX] where MX = 2-, 3-and 4-IBzNa) on k obs for the cationic micelle-catalyzed semi-ionic bimolecular reaction with the ionic reactant representing as the counterion of cationic micelle. The reaction kinetic probe that has been used in the present study, involves the nucleophilic reaction of Pip with PSa À . The details of the SEK method including the reaction kinetic probe used in the present study are described in a recent report (Yusof and Khan, 2010; Khan, 2010) . Although benzoate and substituted benzoate ions are nonreactive toward nucleophilic cleavage of PSa À , these inert salts might affect rate of piperidinolysis of PSa À through specific salt/ionic strength effect. In order to find out this probable salt effect on k obs , a few kinetic runs were carried out at 0. The solid lines are drawn through the calculated data points using Eq. (2) with kinetic parameters (k 0 , h and K X/S ), listed in Table 1 c are shown graphically as log-log plots in Fig. S5 . The plots of Fig. 2 and Figs. S3-S5 represent shear thinning which is a typical characteristic of the presence of rodlike micelles (RM)/wormlike micelles (WM) in the surfactant solutions (Lin et al., 2009a; Lin et al., 2009a; Lu et al., 2008; Raghavan and Kaler, 2001) .
Results
Effects of the concentrations
The values of g at _ c ¼ 2:5 s À1 , i.e. Khan, 2010) . Table 1 .
The plots of Fig. 1 Yusof and Khan, 2010; Khan, 2010) . The consideration of these independent ion exchange processes has led to Eq. (3) Khan, 2010 (Yusof and Khan, 2010; Khan, 2010 Quantitative correlation between counterion (X) binding affinity to cationic micelles and X -Induced micellar growth
The effective occurrence of ion exchange process X À /S À in the related reaction systems has been found to decrease K S with the increasing [MX] through an empirical relationship (Khan, 2006) 
where K S 0 = K S at [MX] = 0 (Khan and Ismail, 2010) . The magnitude of the empirical constant, K X/S , is the measure of the ability of counterion, X À , to expel another counterion, S À , from the cationic micellar pseudophase to the aqueous phase through the occurrence of ion exchange process X À /S À at the cationic micellar surface. It has been shown in the earlier reports (Khan, 2006; Yusof and Khan, 2010; Khan, 2010) that Eq. (4) and a brief reaction mechanism for CTABr micellarcatalyzed reaction of Pip with PSa À in terms of pseudophase micellar (PM) model can lead to Eq. (2) with respective h and K X/S expressed by Eqs. (5) and (6), (Yusof and Khan, 2010; Khan and Sinasamy, 2011) 
In view of Eq. (2), the values of h should be independent of [CTABr] T . Relatively more reliable calculated values of h (Table 1) (Yusof and Khan, 2010) are shown in Table 2 .
The values of K X/S at different [CTABr] T were calculated from Eq. (6) with the reported value of K S 0 (= 7 · 10 3 M À1 ) (Khan, 2006) . These calculated values of K X/S , at different [CTABr] T for X = 2-, 3-and 4-IBz À , are shown in Table 1 .
Relatively more reliable values of K X/S are almost independent of [CTABr] T within its range 0.005-60.015 M (Table 1) and this is a requirement for the validity of Eq. (4). It has been concluded in the recent reports Khan, 2010) Table 2 . Perhaps it is noteworthy that the value of K Br/S n (= 25 M À1 ) has been derived from kinetic parameters obtained in the presence of spherical CTABr micelles (Khan et al., 2000) . But the values of K X/S n may be obtained, depending upon the structural features of X, in the presence of either spherical or nonspherical micelles. Thus, the value of R Br X becomes usual/conventional ion exchange constant (K Br X ) if the value of K X/S n is obtained in the presence of spherical micelles. The cationic micellar structural transition from spherical to rodlike micelles (RM) and RMs+ vesicles is shown to accompany by significant increase in the degree of counterion (X = Br) binding (b X ) (Ono et al., 2005; Rodriguez et al., 2009) (Yusof and Khan,2010) . i Ref. (Yusof and Khan,2011) . j Ref. (Khan and Ismail,2010) . k SM = spherical micelles. l Ref. Ali and Makhloufi, 1999. 5. Conclusions . (vi) The kinetic validity of Eq. (3) constitutes an indirect evidence for the occurrence of two or more than two independent ion exchange processes under the present reaction conditions.
